Abstract: Four production fishponds in the Czech Republic were investigated in 2003 and 2004 during a feeding experiment on common carp (Cyprinus carpio). In 2003, topmouth gudgeon (Pseudorasbora parva) was detected in enormous amounts in all of the investigated fishponds. P. parva got into the fishponds spontaneously by water inflow from connecting channels. The objective of this paper is to describe the condition of natural food in the presence of P. parva and its subsequent effect on carp production. The estimation of the population density of P. parva achieved at least 44 kg ha −1 in 2003. In 2004, precautions against P. parva invasion were taken and its presence wasn't recorded during the season. The impact of P. parva on natural food structure was described in terms of zooplankton and zoobenthos amounts and main fish production parameters. A special focus has been taken on the density of Daphnia genus and chironomid larvae, the most preferred zooplanktonic and zoobenthic groups in feed of P. parva, respectively. In 2003, P. parva suppressed the zooplankton populations significantly, especially large cladocerans of the Daphnia genus. Influence of P. parva on zoobenthos structure and density was not detectable. Unfavorable natural food condition in 2003 caused extremely low carp production which fell to the mean value of 283 kg ha −1 and food conversion ratio reached 3.5. On the contrary, in 2004 the mean carp production and food conversion ratio attained 634 kg ha −1 and 1.6, respectively. The results described harmful competitive effect of huge populations of P. parva and its surprising economic consequences. Costs per 1 kg of growth were increased by approximately 100% in 2003 compared with results from season 2004.
Introduction
Topmouth gudgeon (Pseudorasbora parva Temminck & Schlegel, 1846 ) is a recent non-native cyprinid of the European freshwaters. Its native distribution range was in the eastern Asia including Japan, Korea, northern and central China and SE part of the former USSR (Berg 1964; Banarescu & Nalbant 1973) . Since 1960, P. parva has been introduced in Europe with stocking material of herbivorous fish (Ctenopharyngodon idella Valenciennes, 1844, Hypophthalmichthys nobilis Richardson, 1845 and Hypophthalmichthys molitrix Valenciennes, 1844) imported from China. Only occasionally P. parva was bred on purpose either as an ornamental fish (Beyer 2004) or as food for predatory fish in hatcheries (Cakic et al. 2004 ). Among several introductions of alien taxa, this species seems to be one of the few which found suitable conditions for a successful establishment and can be now considered invasive in European waters (Banarescu 1990; Gozlan et al. 2002; Britton et al. 2009 ). Knowledge of the introduction, spread and distribution of P. parva across Europe was summarized by Witkowski (2006) and especially Gozlan et al. (2010) .
Pseudorasbora parva was probably introduced to the Czech Republic from Hungary by fish farmers with spawn of economically significant fish species in 1970's and 1980's (Baruš et al. 1995) . Janovský (1983) , Šebela & Wohlgemuth (1984) recorded it at various locations in Bohemia and Moravia. During the 1980's and 1990's it became a regular part of the Czech ichtyofauna. At present, P. parva is widespread in most fishpond regions and has a great impact on food webs functioning there (Adámek & Sukop 2000) .
High invasive ability of P. parva is a result of its life history and its other successful ecological strategies (Katano & Maekawa 1997; Rosecchi et al. 2001; Gozlan et al. 2002; Pinder et al. 2005; Beyer et al. 2007; Britton et al. 2007 Britton et al. , 2008 Yan & Chen 2009; Záhorská & Kováč 2009; Gozlan et al. 2010) .
Besides its negative impact on the natural populations of small cyprinids in small water bodies (Lusk et al. 2010) , P. parva is an important food competitor for pond fish species . The species has been described as an omnivore (Muchačeva 1950; Šebela & Wohlgemuth 1984; Weber 1984) , but has also been considered as planktivorous (Rosecchi et al. 1993; Priyadarshana et al. 2001; Sunardi et al. 2007). described a great impact of P. parva on pond zooplankton and zoobenthos composition. Hanazato & Yasuno (1989) , Chang et al. (2004) and Nagata et al. (2005) described that P. parva directly controls large zooplankton species, namely Cladocera. The dominance of Daphnia and Bosmina in the diet of juvenile P. parva was described by Hliwa et al. (2002) . Wolfram-Wais et al. (1999) and Declerck et al. (2002) found strong impact of P. parva on chironomid larvae. Baruš et al. (1995) described similar preferences for Chironomidae in adults; this is consistent with a recent review of Gozlan et al. (2010) . Adámek & Sukop (2000) studied the impact of P. parva outbreak on the fish pond environment. Its negative impact as a result of the grazing pressure on zooplankton is known as the "top-down" effect which is manifested by increased development of phytoplankton and accelerated eutrophication processes characterized by higher organic and nutrient load. Britton et al. (2010) revealed a significant trophic overlap between P. parva, Rutilus rutilus (L., 1758) and Cyprinus carpio (L., 1758) by stable isotope analysis (SIA) method. Oberle (2003) observed an influence of P. parva on common carp production and the results of his experiment show that a high incidence of P. parva is very dangerous for carp rearing in ponds. P. parva is a strong competitor for natural food with carp, and thus causes a considerable reduction of carp yield in fish ponds (Oberle 2003) . Britton et al. (2011) tested among others the interspecific competition between topmouth gudgeon and common carp in tank aquaria. Magnitude of growth suppression was significantly proportional to P. parva density.
The main aims of this study were: (i) to compare the natural food structure in an environment under strong invasion of P. parva and the absence of P. parva in production fishponds; (ii) to compare the effect of changes in the structure of the natural food on production indicators in common carp culture, and the final impact on the economic efficiency of carp production.
Material and methods

Field experiment
Four carp production fishponds (Horák, Fišmistr, Baštýř and Pěšák) were used for feeding experiments on common carp (C. carpio) in the Naděje fishpond region, Fishery of Třeboň Inc., Czech Republic. In both seasons the same young fish of the breed and line Cyprinus carpio var. comunnis "Třeboň carp" (used term "TŠ") and of the same age (three years -C3) were used for the feeding experiment.
The area of investigated fishponds ranged between 1.7 and 2.8 ha (Table 1) . Fishponds were stocked by 363 ind. ha −1 of C. carpio and fish were fed with supplementary cereals (maize, wheat, triticale and rye) in three of the fishponds. One fishpond was left as a control of the level of natural production (Table 1) .
A big population of P. parva was present in all of the investigated fishponds in 2003. Density of P. parva was assessed during the fish harvesting by relative (volumetric) method by counting P. parva individuals in a small vessel and the result was converted to the total volume of harvested P. parva.
In 2004, inflow water was filtered through a dense mesh (1×1 mm) in order to avoid the invasion of P. parva into experimental fishponds. Moreover, in 2004, each fish pond was stocked with pike (Esox lucius L., 1758) fingerlings in the number 24,000 ind. per fishpond). Elimination of P. parva was efficient in the 2004 season.
Sampling, in situ measuring and laboratory processing of water quality Each sampling involved measurements of Secchi depth (Zs), temperature -Temp ( • C), pH, electrical conductivity -COND (µS cm −1 ), dissolved oxygen saturation -DO sat (%) in the field. COND, t, pH and DO sat were measured by WTW 350i multimeter.
Chlorophyll-a -Chl-a (µg L −1 ) concentration was estimated spectrophotometrically after extraction in an acetone-methanol mixture (Pechar 1987) .
For determining the ammonia nitrogen
−1 ) and total phosphorus -TP (mg L −1 ), standard spectrophotometric method were used, modified for the FIA-Star (Tecator) automatic analyser.
Sampling of zooplankton and zoobenthos
Zooplankton samples were collected in three-week intervals. Schindler's quantitative sampler of 10 L volume was used for quantitative zooplankton sampling. Ten samplings were carried out in open water area at several locations and in different depths at each selected site within the fishpond. The total volume of the collected samples was 100 L of water. The samples were preserved in 100 ml polyethylene bottles with 4% formaldehyde. Zooplankton was counted in the Sedgewick-Rafter counting chamber. At least 300-400 individuals of important species were counted in each sample. Less abundant organisms were counted within the whole chamber or several chambers. The results were expressed as density (ind. L −1 ). Quantitative macrozoobenthos samples were taken by Ekman bottom grab (the Zabolockij type) with a surface area of 225 cm 2 . Four sampling locations were distributed over the most representative depths of each fishpond. The samples were washed on sieves (mesh size 0.6 mm) and the remaining part was sorted immediately without magnification. The rest of the sample was transferred into a 2 L PE sample bottle and sorted subsequently in the laboratory. All samples were fixed with formaldehyde to the final concentration of 4-6%. Species were identified in the laboratory and divided into four main taxonomical groups. Common taxa: Oligochaeta, Chaoboridae, Chironomidae and Ceratopogonidae. Animals of rare taxa (Nematoda, Hirudinea, Ephemeroptera, Odonata, Megaloptera, Coleoptera, Trichoptera, Molusca) were included in the "other". Chironomid larvae were mostly represented by Chironomus plumosus (L., 1758) only. Numbers of individuals were expressed in surface units (ind. m −2 ).
Statistical analysis
The differences in total density of zooplankton and zoobenthos between seasons 2003 and 2004 were statistically evaluated. The differences of total density of Daphnia and Chironomidae, the most preferred food components of P. parva, were tested separately. The differences were statistically evaluated by one way ANOVA. The differences in physical and chemical parameters between seasons and sites were analyzed using two-way ANOVA and post-hoc tests (Tukey HSD and Fishers LSD tests). The differences between feeding treatments were tested separately because the treatment was not the same in the two seasons, so it was not possible to test the interaction between treatmentvs season vs localities. Analyses were performed with STATISTICA 7 software.
The influence of environmental factors on density of zoooplankton and zoobenthos, physical and chemical parameters and indicators of growth and feed conversion was analysed in CANOCO (ter Braak & Šmilauer, 1998) . Direct redundancy analysis RDA with Monte Carlo permutation test was used in these designs:
Analysis 1: The influence of environmental factorsabsence of P. parva, type of feed (wheat, maize, triticale, rye, control) on physical and chemical parameters (Zs, COND, Chl-a, Temp, pH, DO sat, NH4-N, NO3-N, DRP, TP, TN) in full design with control. Fishpond was used as a covariate, permutations were set as time series.
Analysis 2: The influence of environmental (absence of P. parva, type of feed overall as treatment) and physicochemical parameters on density of zooplankton (Daphnia, other zooplankton, total zooplankton) and zoobenthos (Chironomidae, other zoobenthos, total zoobenthos) in full design with control. Fishpond was used as a covariate, permutations were set as time series with forward selection of explanatory variables.
Analysis 3: The influence of environmental factors (absence of P. parva, type of feed -wheat, maize, triticale, rye; density of invertebrate -Daphnia, other zooplankton, Chironomidae, other zoobenthos; and weight of stocked fish -C3 stock) on indicators of growth and feed conversion (Fprod, Tprod, FCR, C4 crop, cost per 1kg of growth); data was analyzed without control fishpond. Covariate was not used, permutations were set as unrestricted with forward selection of explanatory variables.
Indicators of growth and feed conversion were evaluated:
Specific Growth Rate -SGR (% day −1 ). SGR was determined from Where: W0 = total starting weight of C. carpio, Wt = total finishing weight of C. carpio, t = number of days between W0 and Wt, F = weight of used feed for a monitored period (kg), P = total growth (kg).
Prices of feed and fish meat were evaluated by actual exchange rate at that time.
Results
Experimental condition and water quality Calculated P. parva mean abundance in 2003 was 3.7 ind. m −2 (44 kg ha −1 ), which corresponds to approximately one full standard laminate fishing vat. Few significant differences were found in indicators of water quality and treatments between sea- . Statistically significant differences between feed treatments were not found for any parameter of water quality. Canoco analysis (analysis 1) of influence of treatment and presence of P. parva, respectively season, on indicators of water quality confirmed that the only significant influencing factor is the presence of P. parva, respectively season, specifically dependence on the concentration of TN and TP, marginally NH 4 -N and Zs. In the other indicators are seasons comparable.
Zooplankton
The differences in total zooplankton density and density of Daphnia between the seasons 2003 and 2004 were Table 2 . Means ( ± SD) of physicochemical parameters in monitored localities. 
Explanations: 1 P > 0.05; * P < 0.05; ** P < 0.01. (Fig. 2C) . On the contrary, no significant difference (P = 0.1184) and the highest variability were recorded in the Horák fishpond ( Fig. 2A) 
Macrozoobenthos
The total mean density of macrozoobenthos in investigated fishponds was significantly higher (P < 0.01) in 2003 when P. parva was present than in 2004, when P. parva was eliminated (Fig. 1B) . Mean zoobenthos density of fishponds was 431 ± 476 ind. m The differences between macrozoobenthos composition in both seasons and between fishponds are shown in Table 4 Density of macroinvertebrates was influenced by absence of P. parva (Fig. 3) . First and second axis of RDA analysis 2 explain 37% altogether. Forward selection showed that absence of P. parva explained 13% (F = 8.49, P = 0.002) and pH 7% (F = 5.2, P = 0.002) of the variation. In the year with absence of P. parva the density of zooplankton was higher, especially of specimens of the genus Daphnia. On the contrary, density of zoobenthos was higher in presence of P. parva. With the higher pH the density of Daphnia decreased, sim- Explanations: C 3 -Three years old carp; C 4 -Four years old carp; TProd -Total production; NProd -Natural production; FProdFeeding production; FCR -Food Conversion Ratio. Costs per 1 kg of growth -0.14 0.14 0.12 ilarly as the total density of zooplankton and also the density of Chironomidae. Other environmental parameters, excluding TN, TP and DRP, explained the rest of variability.
Fish production Considerable differences in the total fish production, feeding production and natural fish production were Table 5 summarizes the main production parameters in surveyed fish ponds. Evaluation of total fish production (TProd), the rate of feeding production (FProd) and natural fish production (NProd) show high differences between the fishponds in 2003 and 2004. The natural production ratio (NProd) comprised less than 20% of the total production in 2003 (control fish pond excluded) in contrast to 2004, when the estimation of the natural production achieved 60%. High contrast was observed also between food conversion ratios (FCR) of supplemented cereals. In 2003, the mean FCR was near 3.5, but in 2004 it was 1.6.
In 2003, in the presence of P. parva, the costs per 1 kg of carp growth increased by 130% in comparison with standard values achieved in 2004 (Table 6) .
Production indicators and indicators of economical efficiency of feeding are influenced by absence of P. parva (Fig. 4) . Three axis of RDA analysis 3 ex- plained 96.3% altogether. Forward selection showed that the absence of P. parva explained 80% (F = 160.48, P = 0.002). Total production (Tprod), was positively correlated with this variable. Family Chironomidae explained 7% (F = 20.06, P = 0.010), especially feed production (F prod) was negatively correlated with this variable. Feed treatment explained 7% of variability, wheat 3% (F = 9.65, P = 0.002), maize 2% (F = 10.74, P = 0.004) and triticale 2% (F = 18.98., P = 0.002). One percent of variability explained other zoobenthos (F = 7.9, P = 0.012) and C3 stock (F = 5.83, P = 0.008).
Discussion
The artificial pond-connecting channels can be an important refuges and reservoirs for Pseudorasbora parva in fishpond areas, where it forms dominant and very dense populations Adámek & Siddiqui 1997; Musil et al. 2005 . P. parva invaded into fishponds from the connecting and inflow channels and then bred successfully in fishponds. Smaller and younger age groups of P. parva were predominantly present at the end of the 2003 season. Biomass estimation of P. parva could be even underestimated because part of small individuals escaped during the pond drainage. Massive, spontaneous invasion of P. parva in fishponds significantly affected results of the feeding experiment in 2003.
The presence of P. parva in 2003 and absence in 2004 decisively influenced the experimental conditions. During both seasons physico-chemical parameters were similar and corresponded to the obvious conditions for eutrophic fishponds. Differences in Secchi depth, TN, TP partly in ammonia reflected mainly the different level of phytoplankton as a result of changes in plankton structure. In spite of that no statistically significant effect of feeding treatment on water quality parameters was detected.
Just a few studies of impact of P. parva on natural food web under fishpond conditions have been published. Marked feeding pressure of P. parva on zooplankton under the carp-pond conditions was described by , Adámek & Sukop (2000) and Oberle (2003) and under the experimental conditions by Hanazato & Yasuno (1989) , Chang et al. (2004) and Nagata et al. (2005) . However, the results from fishponds in this study documented even more drastic impact on whole zooplankton communities. Differences in mean zooplankton members and especially in Daphnia density between the seasons of 2003 and 2004 were highly significant in Fišmistr, Baštýř and Pěšák fishponds. In 2003, very low abundances of the Daphnia genus were noted even at the beginning of the season when Daphnia dominate the "spring clear water" period (Fott et al. 1980) and is common in Central European carp fishponds. Daphnia species were represented only by Daphnia galeata. No large Daphnia (Daphnia magna, Daphnia pulicaria) were recorded. Main part of zooplankton species composition was represented by Cyclopoida and Rotifera in 2003. Small-size zooplankton (Rotifera, copepods and especially nauplii and small Cladocera Bosmina longirostris) indicated high predation pressure by fish stock as described, e.g., by Hrbáček et al. (1961) , Hrbáček (1962 ), DeMott (1983 . In 2004, higher abundances of large Cladocera (Daphnia) were registered during the most important part of the season in Fišmistr, Baštýř and Pěšák fishponds. Besides the much higher abundance of Daphnia galeata, the large filtrator Daphnia pulicaria was present till early summer. Horák fishpond was used as a control locality without additional feeding of carp and thus large Cladocera were depressed soon after their spring abundance maximum in 2004. Chironomid larvae are a common component of the food of P. parva (Muchačeva 1950; Guirca 1970; Adámek & Siddiqui 1997; Xie et al. 2000; Hliwa et al. 2002; Nagata et al. 2005) . Although Baruš et al. (1995) and especially Wolfram-Wais et al. (1999) and Declerck et al. (2002) reported that chironomids were significantly preferred by P. parva, the influence of P. parva presence on density of chironomid larvae has not been clearly proved in this study. A sudden drop in the density of Chironomidae in 2003 to almost zero numbers may correspond to mass chironomid adults emergence as described in the Central European fishpond environment (Kořínek et al. 1987 ). This dramatic decrease of chironomids population in 2003 is evident from the seasonal course of its density in experimental fishpods (Fig. 5) .
The results well documented the strong impact of P. parva on zooplankton, especially on species and groups which form important components of natural food for common carp (Faina 1983; Sibbing et al. 1986; Sibbing 1988; Lammens & Hoogenboezem 1991) . Main production parameters reflected the differences between 3 kg) . The difference in the initial weight of carps between the seasons is caused by the young fish coming from different fishponds with different trophy conditions. In 2004, when the P. parva was eliminated, total production (TProd) was about 95% higher than in 2003 (except for control fishpond), when the invasion of P. parva was recorded. Oberle (2003) who experimented with P. parva in earthen ponds, obtained similar results. Total carp production increased by 109% in ponds without the stock of P. parva. Oberle (2003) harvested 178 kg ha −1 of P. parva at the end of the experiment in the experimental pond "infected" by this species. Presence of P. parva caused the decline of the FCR mean value to 3.5 in 2003. This result is in good accordance with that by Oberle (2003) who recorded a FCR value of 2.84 at the experimental locality stocked by P. parva.
All the supplementary production indicators of growth [Specific Growth Rate -SGR (% day (Table 7) . Similarly, Britton (2011) described a significant drop of SGR of common carp proportional to the increase of P. parva abundance under controlled conditions. It is generally known among the fish farmers that common carp utilizes artificial feed less efficiently if natural food is not available simultaneously (Moor 1985; Kaushik 1995) . It was demonstrated experimentally, e.g., by Rahman et al. (2010) in their food-behavioral study that the common carp reached the highest SGR at a combination of natural food and artificial feeding.
The unfavorable economic effect was more pronounced in the final results of fish processing. The fillet yield per 1 kg of fish production was 59.6 ± 1.0% in 2003 while in 2004 it was 62.9 ± 0.7%.
Elimination of P. parva by combination of dense fish-screen and additional stock of piscivorous fish was successful in the second year of this experiment. Widespread application of dense fish-screens into the inflow channels is possible, especially in small fishponds. The use of fish-screens in larger fishponds or those with higher flow can be questionable due to labour-requiring installation and the required service (cleaning). The use of piscivorous fish in polyculture with common carp to suppress the occurrence of P. parva can be profitable. Earlier, P. parva was underestimated as prey fish (Muchačeva 1950; Baruš et al. 1995) , but now it has become a common prey of carp-pond piscivorous fish like pike (Esox lucius), perch (Perca fluviatilis L., 1758), pike-perch (Sander lucioperca L., 1758) and wels catfish (Silurus glanis L., 1758) and some of these species even prefer it (Adámek & Kouřil 1996; Adámek et al. , 1999 Musil & Adámek 2003 . However, in some locations, especially in those covered by abundant submerged vegetation, which may provide a better refuge, the effect of predators on the quantity of P. parva was not demonstrated (Kapusta et al. 2008; Rechulicz 2011) .
According to these results, P. parva exhibited an extremely negative impact on carp production through its marked grazing pressure on natural food. It dramatically suppressed the quantity of zooplankton, especially Daphnia species which was eliminated to less than 10 individuals per litre. Influence on the structure of macroozoobenthos was not demonstrable in this study. It also had a marked influence on fish production which increased by 100% in the absence of P. parva. The economic effect is obviously unfavorable. Costs per weight increase of 1 kg raised by 130% under the P. parva invasion conditions.
